Abstract
Introduction
Over the last two decades, the nutrition of young children and mothers around the world has improved, thanks to applied research, policy changes, and programmatic investments [1] [2] [3] . The worldwide prevalence of underweight (low weight-for-age) in children zero to five years of age, an indicator of short-term nutritional changes, dropped from 38% in 1980 to 27% in 2000. Similarly, the rate of childhood stunting (low height-for-age), an indicator of nutritional status in the longer term, dropped from 49% in 1980 to 33% in 2000.
However, the gains have been slow in coming, and malnutrition rates still remain unacceptably high. Furthermore, improvements have been uneven between and within countries. High rates of stunting remain in Eastern Africa and South Central Asia (48% and 44%, respectively). This is of particular concern to development promoters and policy makers, because stunting captures the cumulative effect of poor nutritional status and serves as a proxy for the effects of social and economic development on children's well-being.
Although further gains can be realized from the continued promotion of existing efforts to reduce malnutrition, they may ultimately be limited unless there is additional emphasis on sustainable strategies that families can use to improve the nutritional status of their own members. One particular question is: If women are the primary caregivers in the families, can their ability to carry out their roles be strengthened so that they can improve and sustain the nutritional status of their family members?
According to UNICEF's causal framework [4] , adequate nutritional status is dependent on dietary intake and health. They both are dependent on access to food, caring practices, and access to health services-the underlying factors (see right side of fig. 1 ). Underlying factors influencing diets are in turn dependent on resources and control over food availability and distribution within the household-one set of key basic factors influencing nutritional status.
We elaborate here a framework for conceptualizing the resources needed for good nutrition (see left side of fig. 1 ). The definition of resources is expanded to include those specifically linked to women's productive and care-giving roles: income and microfinance, technologies, other physical inputs, skill-building opportunities, social networks, and health and nutri-tion information. A key assumption is that for the youngest children zero to five years old who are the most vulnerable to poor nutritional status, it is the options, resources, and behaviors of their mothers that largely determine their access to food, caring practices, and health services. Moreover, with adequate resources, women can in turn enhance agricultural production, food processing, care-giving, and healthpromoting activities and benefit all family members. The achievement of these productive and care-giving activities feeds directly back into strengthening the underlying factors that determine nutritional status (right side of figure 1 ). This paper describes how women's activities contribute to family nutrition and provides evidence that more resources to support those activities lead to improvements in family nutrition, especially for the youngest children.
Women's contributions to family nutrition
Women contribute directly to family nutrition and health in two main ways: through producing, processing, and selecting purchased foods, and through seeking and providing care for their family members.
Food production and processing
Women contribute to family nutrition by bringing food into the household. They do this through agricultural work in subsistence crops and in cash crops, by gathering wild foods and producing crops such as sweet potatoes, and by activities that earn cash to buy food. Women also contribute to family nutrition by processing and selecting purchased food.
Rural women are responsible for more than 55% of the food grown worldwide and for 70% in Africa. Women also comprise 67% of the agricultural labor force in developing countries [5] . Women earn income that is used to purchase food through their work in cash-crop production as wage laborers, or help on the family's plot of cash crops. They also produce food for their families by gathering wild foods and by cultivating secondary crops with diverse nutritional benefits, including orange sweet potatoes and other vegetables, fruits, or secondary grains [6] [7] [8] . The importance of these foods is particularly great during the preharvest period of major food crops and when crops fail.
Once food is produced and enters the household, women are principally responsible for storing and processing it. Food processing can often improve the nutritional quality of foods and increase dietary diversification. Women process oilseeds, such as sunflower or sesame seeds, to produce cooking oil; transform cassava into gari, a staple food product; smoke and dry fish and meat; and process and preserve fruits and vegetables [9, 10] .
Practices to promote care and health
Another way women contribute to nutrition is by taking care of their families' health and development needs. These include use of health services for prevention, including immunizations, vitamin A and iron supplements, and growth-monitoring; treatment and remedial care; breastfeeding and other feeding practices; and engaging children in activities that stimulate their intellectual and emotional growth and development [11] [12] [13] [14] . Ruel et al. [15] found that in Ghana good caring practices-defined in this study as appropriate child feeding and use of health services for growth-monitoring and immunizations-were strong determinants of children's height-for-age. They suggested that, even as long-term investments are being made in women's access to resources and human capital, immediate gains can be achieved by improving women's childcare practices.
In Bangladesh, children 6 to 18 months old who were growing well showed the following characteristics: they were fed at or before regular family mealtimes; they had the greatest dietary diversity of all children in the sample; they had foods prepared especially for them; and they had breastfeeding mothers with the fewest dietary restrictions [13] . Note that in this study, although income explained some of the variation in nutritional status in the entire sample, only the care variables were significant predictors of improved growth.
Resources that support women's role in family nutrition
We have seen that women play a key role in safeguarding family nutrition. Their ability to do this well, however, is often limited by their access to resources. Key resources are income, production-focused inputs, labor-saving technology, microfinance for women, social networks and support, and women's own capacity. The literature on the impact of resources in women's control is much larger than can be reviewed in this paper, which focuses on those resources that have been evaluated for nutritional improvements or are likely to improve nutrition. Although the information in this section is divided into specific resources, the interventions featured are often designed as a package of several resources. This means any improvement in nutritional status is to be attributed to the resource package and not to any one component of it [16] .
Income
Women spend a higher proportion of the income they earn on food and other basic needs than men. Their income may be used to buy food, vitamin supplements, immunizations, or medications or to pay fees for health services.
Women are economically active in a broad range of sectors. They work in the formal, semiformal, and informal labor markets, and they earn income as wage laborers or as salaried employees in different economic sectors, including agriculture, manufacturing, retail and commerce, and services [17] . Women also earn income through their own enterprises and by selling products in markets [6, 18] . Many income-earning opportunities for women put income directly within their own control and management [19] . In addition, their expenditure-replacement activities, such as hauling water, caring for basic health needs, and cleaning their homes and surrounding areas, frees up household income that might have been needed to purchase such services. This unspent income can then be used for other purposes, including buying food or health-care services.
Since women tend to spend income directly on the purchase of goods and services that promote the nutrition, health, and general well-being of their families, increasing women's income has had a greater effect on those outcomes than increasing men's income. For example, data from Brazil suggested that additional income managed by women was associated with a 3% increase in food expenditures, significantly greater than the 0.6% from income in the hands of men [20] . These results showed that women also tended to invest in foods that were associated with better health of their family members. Moreover, gender differences in food and health expenditures were reflected in children's nutritional status: child weight-for-height increased eight times faster if income was in the hands of women than in the hands of men.
The effect of women's income is also beneficial to women's own dietary intake [21] . In a study of 28,000 households in metropolitan Cebu, Philippines, women's work was significantly associated with their improved dietary intakes of energy, protein, fat, calcium, and iron, notably as a result of consuming commercially prepared foods. Furthermore, women with low incomes benefited more from this income effect than did women with higher incomes.
Production-focused inputs
Production-focused inputs are defined here as the physical factors that improve the efficiency or produc-tivity of an economic activity, such as improved seeds, plant varieties, and fertilizer in agricultural work. Land is also an important input, and it is expected that when women own or control land, their families' nutrition will benefit, but specific evidence of its nutritional impact was not found. In Thailand and Korea, women farmers were found to be as efficient as men after for education, age, and production-focused inputs had been controlled for [22] . Furthermore, a modeling exercise using data from Kenya projected that if women had as much access as men to resources such as land and agricultural inputs, as well as education, training, and credit, their productivity would increase 9 to 24 times [23] .
In Bangladesh, women received seeds and seedlings, training in production and storage techniques, and health and nutrition information to encourage production of foods in backyard gardens for home consumption and commercial sale [24] . Household income rose by 12% through the sale of vegetables, and household expenditures fell by 10% due to their home consumption, yielding a net increase of 22% in household income. Increases in food consumption and income were associated with a larger decrease in percentage of intervention households with severely underweight children than in control households (7-point drop vs. only 3). Also, rates of night-blindness fell from 2.3% to 1.2% over two years in the intervention households. Although statistical significance was not reported, the difference in the change from before to after the intervention period for the intervention and control groups was probably sufficient to be statistically significant, given the large sample size (980 intervention households and 194 control).
In Kenya, new varieties of orange-fleshed sweet potatoes rich in β-carotene were introduced to groups of women farmers to improve crop yields and β-carotene and vitamin A intake of young children [25, 26] . Compared with the local white-fleshed sweet potato variety, which yielded 4.5 tons/hectare in Ndhiwa and Nyarongi Districts, the new varieties yielded up to 2.5 times more (7.7-11.2 tons/hectare). Food-frequency scores developed by Helen Keller International (HKI)* increased among children whose mothers participated in intervention groups that received the new planting materials and access to agricultural extension services, and the nutritional education and training in food processing and preparation, whereas they fell in the control groups that received only the new planting materials and access to agricultural extension services.
In Ndhiwa and Nyarongi Districts, the intervention score increased significantly (+1.6 points) from preto postintervention, whereas the control group score decreased (-1.3 points), for a net increase of 2.9 points ( fig. 2) . This change represents a 93% increase and was highly significant (p = .0015). This study suggests that women's farm production offers an entry point for interventions that can improve crop yields and family's nutritional intake, and dietary intakes increased from a combination of increasing women's agricultural productivity and increasing their nutrition knowledge. Overall, increasing women's access to productionfocused inputs, especially when combined with nutritional education, improves agricultural productivity, increases food available to their families, and can ultimately improve the nutritional status of family members.
Labor-saving technology
Another way to increase efficiency and productivity is to improve women's access to labor-saving technologies. For example, women in the Gambia were introduced to an improved manually operated ram press to extract oil from sesame seeds and compared with a control group of women who had access to motorized and physically larger presses that were, however, less reliable.* The new ram press technology enabled women to produce sufficient amounts of cooking oil in less time for both home consumption and sale. Children in households with the new press had significantly larger increases in energy intakes and significantly improved nutritional status in the lean season than did children in control households, most likely due to an increased consumption of weaning foods and other table foods containing sesame seed oil.
In [28] . Time was saved because the dryers protected the vegetables from animals and contaminants and did not require dedicated attention by women. Nutritional education was provided at the beginning of the intervention period to promote consumption of both plant and animal sources of vitamin A. The HKI food-frequency scores for consumption of vitamin A-rich foods increased between baseline and the postintervention period 18 months later and increased significantly more in the intervention communities than in the controls (p < .01), mostly due to increased consumption of dried, uneviscerated sardines ( fig. 3) . Furthermore, although consumption of green, leafy vegetables did not increase-it was already quite high-the β-carotene content of the leaves was up to 1.6 times higher than that of leaves dried in the open air. This suggests that solar dryers can increase the β-carotene content of dried foods, and that the introduction of a technology can increase dietary intakes of vitamin A.
In Burkina Faso, a mechanical grain mill was introduced, and women took advantage of the time it saved them to prepare extra meals with different menus, thereby improving dietary intakes [10] . Similarly, an intervention study in Ghana that increased women's access to a labor-saving processing technology for production of cassava meal (gari) yielded improvements in women's and children's nutritional status [29] .
Microfi nance
Women's access to microfinance services helps them meet short-term needs as well as longer-term ones through savings. Access to loans also enables women to invest in productivity-enhancing tools and equipment and other assets, such as fertilizer and improved seeds, or to purchase medicines that promote family members' health. Credit also enables women to accumulate assets, such as livestock or poultry, and these contribute to household nutrition either directly through production of milk and other food products or indirectly through income generated from market sales. Assets also provide women with an informal insurance mechanism: they can sell assets when they need cash or they can trade them to obtain other goods or services. Women typically do not obtain bank loans because they lack collateral [5] . Numerous microfinance programs have emerged to fill this gap, making small loans (about US$100) available to women without requiring physical or financial collateral.
The benefits of improving women's access to microfinance to child health and nutrition were demonstrated in Freedom from Hunger's Credit with Education Program in Ghana.* Village banking services and business training for rural women were combined with education in appropriate breastfeeding, child nutrition, treatment and prevention of diarrhea, immunization, and family-planning practices. After three years of the program, the nutritional status and health of one-year-old children of participating mothers was significantly better than that of one-yearold children of mothers either from groups in the intervention communities who did not participate or from control communities. Height-for-age Z scores improved 0.3 points among children of participating mothers, whereas they fell by 0.13 among children of mothers who did not participate and 0.11 among children of mothers from the control areas (p = .01). Weight-for-age Z scores of children of participating mothers were also significantly higher. More participating mothers gave colostrum to their newborns rather than discarding it; more exclusively breastfed for longer; and fewer reported ever using a feeding bottle, which can be a serious source of contamination. Participants' children also had diets of higher nutritional quality that were more likely to meet energy intake requirements, and participating mothers were more likely to know how to prevent and treat diarrhea. The interest earned from loans enabled Freedom from Hunger to fund 80% of the operating costs of the program.
A study in Ethiopia found that the use of credit to enhance access to livestock yielded nutritional benefits when combined with other inputs and information. A program to provide women access to crossbred dairy goats was supplemented by agricultural inputs and health and nutrition information to improve dietary diversification [30] . Assessments were made before and after the intervention period. The results showed that young children were at lower risk of being vitamin A deficient, as assessed by dietary intake and clinical signs, if they lived in families that owned livestock and had participated in the intervention program (table 1) . Access to resources enabled women to change their care and feeding practices to the benefit of children.
Social networks and support
Another method to reduce women's time and labor demands is to share time and labor with others. This is often done through networks of friends and family, civic participation, and group membership [31] . These networks provide women direct access to labor, financial assistance, food, child care, information, and contacts or assist women in an intermediary capacity to access those resources. Moreover, women's social networks permit them to share risks, practice new behaviors, try new food crops, and supplement their labor when food shortages and other external pressures constrain their ability to meet their family's nutrition needs alone.
The contributions of family networks to child nutrition were shown in rural Malawi [32] . Using indices of interhousehold exchange, the results indicated that networks of family members based in urban areas or abroad contributed more to children's nutritional status (height-for-age Z scores) than did rural networks, and women's relatives had a stronger influence on children's nutritional status than did men's. Low suggests that the exchange network variables are reasonably strong proxies for access to income, particularly for women. This implies that reciprocity networks may cushion women and children from external shocks that are beyond the immediate control of an individual or household.
Men are also a source of social support for women's contributions to nutrition. Although role differentiation occurs at the household level that can limit their contributions, men play several critical roles in supporting their families' nutrition. Often they both are the gatekeepers of income and assets in the household and have strong influence over their allocation within the household. Further, men's opinions may influence women's own food consumption. In studies in Mexico and in a Thai refugee camp, women limited their food consumption during pregnancy because their husbands did not want them to gain much weight [33] . In the Thai case, nutritional education was redirected to the husbands, whose wives then gained significantly more weight each week compared with controls.
Women's human capital
Another resource women need to improve their ability to earn income and care for their families is improvement of their own human capital by increasing their leadership capabilities, education, nutrition, and health [33] [34] [35] . Increased human capital enables women to process information better, adopt new practices and technologies, use health services, and interact effectively with health-care professionals, and their newborns are less likely to have low birth weight and more likely to be healthy [36] .
Leadership capabilities
A critical element of women's human capital is their leadership capabilities. In Thailand, women were trained in problem-solving methods and community mobilization techniques and then applied these to work with their communities to identify ways of improving vitamin A, iron, and iodine status [37, 38] . The interventions included school-based distribution of iron supplements to adolescent girls; improvements in the nutritional quality of school-and home-based meals by including oil and foods rich in vitamin A 
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Enhancing women's contributions and other nutrients; health and nutritional education in the schools and community; and local production of iodized salt. Baseline and postintervention data from intervention and control communities were compared, and the postintervention findings included significant improvement in vitamin A intakes among young children 2 to 5 years old, young adolescents 10 to 13 years old, and pregnant and lactating women. In addition, the vitamin A, iron, and iodine values of young adolescent girls in the intervention communities were significantly higher than those of girls in the control communities and baseline values (table 2) .
Another example of how an investment in women's leadership can yield nutritional benefits is provided by a recent study in seven community kitchens (comedores) in Peru [39] . Over an 11-month period, kitchen members participated in a series of training and problem-solving workshops that aimed to strengthen their decision-making and leadership skills. They received health and nutritional information, developed and tested recipes that included locally available iron-rich foods, and learned how to adapt preparation and serving methods used at home to those more appropriate to a larger-scale production. Women also were trained as quality-assurance supervisors to ensure that the new standards and procedures were implemented in a consistent fashion. Both members and nonmembers were followed in this study. Heme iron, bioavailable iron, and vitamin C intake improved significantly among members and anemic women, though not among nonmembers and nonanemic women. The prevalence of anemia dropped significantly (from 49% to 41%, p < .05) in the intervention group (table 3) .
Education
The benefits of investing in girls' education to build human capital are well established. Women with some education have their first child later, make greater use of health services, and are involved in work that generates more income for themselves and their families [40] . Maternal education proved to be the most important predictor of good caring practices recently in Ghana [15] . Further, women who are educated are more likely to adopt agricultural and other technologies that increase productivity and efficiency [22] . Overall, increases in girls' education are expected to be one of the most effective ways to improve children's nutritional status [36] .
Nutrition
Improving women's general nutritional status is another investment in their human capital; it can be accomplished by decreasing their energy expenditures and increasing their nutrient intake [34, 35, 41] . Labor- 
Dashes indicate no significant change.
saving technologies, described earlier, can help decrease energy expenditures. For instance, the cassava meal (gari) processing technology was an improvement over traditional processing methods that were more labor intensive, thereby reducing women's energy expenditure while increasing production of the food [29] . Other technologies that have this dual benefit include wells or piped water systems that are close to women's homes, and fuel-efficient stoves that reduce the need for fetching firewood [42] . Reducing micronutrient deficiencies in women is yet another investment in their human capital. Recent intervention trials found that vitamin A or β-carotene supplementation in Nepal reduced maternal mortality and severe morbidity [43, 44] . When adult women tea plantation workers received a daily iron supplement, their daily activity was 80% greater than among matched controls. Reducing iron deficiency among young children yields improvements in their cognitive development and, if projected into adulthood, these improvements can affect hourly earnings and wages [45] .
Health
Improving women's health is yet another investment in women's human capital that furthers their ability to earn income and care for their families [46, 47] . Women's productivity is negatively impacted when they suffer from parasitic, skin, and infectious diseases [48] . Episodes of malaria negatively affect women and, if they occur during pregnancy, can contribute to low birthweight [49] . Women's reproductive health problems, such as reproductive tract infections, HIV/AIDS and other sexually transmitted diseases, and postabortion and obstetric complications, such as hemorrhage and obstructed labor, also impact on their ability to be economically active and provide for their families [50] [51] [52] [53] .
Discussion and conclusions
We have shown that women play important roles in promoting and protecting the food intake and nutritional status of their family members through the food they produce and process, and the care-and healthpromoting behaviors they practice. Furthermore, attention to increasing their resources for playing these roles can yield improvements in the nutrition situation of families, particularly to improve child nutritional status. These resources are income, production-focused inputs, labor-saving technology, microfinance, social networks and support, and women's human capital. In theoretical and conceptual terms, women's resources clearly contribute to family nutrition. This review has gone a step further to show in operational terms that programs can be designed and implemented to reduce women's resource constraints, which then, indeed, reduces undernutrition.
Undernutrition and micronutrient deficiencies have been stubborn problems to reduce. Making significant progress will require renewed efforts to examine how and why undernutrition is still so highly prevalent worldwide, and to reinvigorate multifaceted strategies at national and international levels. Towards this end, we suggest that one way to achieve sustained improvements is to significantly augment women's resource base.
Most of the strategies suggested here involve access to a diversity of food. Unlike the provision of supplements or the fortification of foods, food-based strategies within the household depend in large part on women and the resources they can mobilize. Women also tend to be primarily responsible for other practices that promote the care and health of family members, particularly their children.
This review cited empirical evidence from intervention studies to show that reducing women's resource constraints can improve food intake and nutritional status. It also provides numerous examples about how such interventions can be designed to accomplish the nutritional outcomes. However, further investigation is required on how best to intervene in a costeffective manner. For example, one important question is: Should a specific nutrition component, such as a nutritional education or nutrition behavioral change promotion, be added to programs that improve women's access to resources? Some of the interventions cited above include nutritional education and others do not, yet all of them demonstrated improved nutritional outcomes. For several in particular, the study design indicated clearly that nutritional education was a crucial element of the intervention [25, 28] . Interventions improve nutritional outcomes more efficiently if a nutritional education component is included with the women's resource intervention. Overall, the impact of many more combinations of interventions needs to be investigated and disseminated under a variety of circumstances and in scaled-up settings. Although it is now clear that interventions to improve women's resources will improve family nutrition, much more analysis across programs is needed to determine how best to intervene under various circumstances, including the circumstances needed to sustain long-term effects.
It is recommended that experts involved in nutrition programs and research collaborate with experts in promotion of income, production-focused inputs, labor-saving technology, microfinance, social networks, and human capital. Through such collaboration, nutritionists could add nutrition components to these other programs and evaluate the benefits to
